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Mouse skin exhibits relatively high aryl hydrocarbon hydroxylase (AHH) activity 
when measured under optimal conditions. The enzyme is unequally distributed in the 
cutaneous layers with the highest concentration in the ep idermis. Subcellularly, it is 
localized in the microsomal fraction. As much as two-thirds of the enzymatic activity was 
destroyed when harsh homogenization techniques were used during tissue preparation . 
Incorporation of the reduced pyridine nucleotide NADH into an incubation mixture 
containing NADPH increased epidermal AHH activity by one-third. When methods that 
maximize activ ity were employed, the AHH activities of sk in of C5 7BL/6 inbred mice and, of 
ICR Swiss random-bred mice were 5 to 10 times as active as lung tissue and about one-tenth 
as active as liver. 
The mixed-function oxidase, aryl hydrocarbon 
hydroxylase (AHH; benzpyrene hydroxylase) , is 
present in liver and in many extrahepatic tissues of 
mammals where it metabolizes a variety of xenob i-
otics [1). The presence of AHH in skin was first 
demonstrated by Wattenberg [2] who measured its 
activity in 3- methylcholanthrene-treated rats. Re-
cen tly the enzyme has been found in cutaneous 
homogenates of other species including man [3- 5 ]. 
Reports vary greatly as to the relative activity of 
AHH in skin; most investigators report low activity 
even after induction by topical application of 
po lycyclic aromatic hydrocarbons. When enzy-
matic activity was measured under optimal condi-
tions, we found that the skin, specifically the epi-
dermis, had relatively high hydroxylase activity 
compared to lung and some other nonhepatic tis-
sures [6,7]. The present report describes some of 
the methods we have used to maximize the meas-
urement of AHH activity in mouse sk in . 
MATERIALS AND METHODS 
Inbred C"BL/6 black mice (AR Schmidt Co.) * and 
randoID-bred lCR Swiss mice (AR Schmidt Co. and 
Charles River Lab.) were selected for study because of 
their apparent high oxidase activity [8]. Mice in individ-
ual experiments were approximately the same age and 
we ight. Female mice were used unless stated otherwise . 
flair was removed from the dorsal region by electric 
clippers 1 day prior to sacrifice. Untreated mice rece ived 
no further preparatory treatment; treated mice received 1 
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topical application of 1 mg benz [a ]anthracene (BA) (K & 
K Lab.) in 0. 2 ml acetone or acetone alone 24 hr prior to 
experimentation . Mice were killed by cervical disloca-
tion . The shaved skin was rapidly removed and rinsed in 
cold 0 .9% NaC!. For measurements of whole-skin AHH 
activity the entire section of skin (except for the underly-
ing connective tissue which was scraped away and 
discarded) was used. For epidermal AHH analysis, the 
skin section was pinned epidermis side up on a cork board 
and the epiderm is was collected by scraping the skin 
t horoughly with a sca lpel blade (approximately 30 
strokes) until the shiny appearance was lost and the 
deeper cutaneous muscles were visible. Wiebel et al [3] 
have shown histologically that th is type of vigorous 
scraping removes both the epidermis and t he superficial 
dermal layer leaving the deeper dermis largely in tact, 
a lthough they and others [4] point out that some cross-
contamination of the various strata is likely to occur . In 
our investigations this deeper dermal layer is referred to 
as "'dermis." 
The skin preparations were homogenized in 0.05 M 
Tris, pH 7.5, containing 0.25 M sucrose in an ice bath 
with either a Polytron homogenizer (model PT-1O-20; 
Brinkmann Instruments) or with a glass- TeHon Potter-
Elvehjem tissue grinder. The homogenates were strai ned 
through gauze and were either used without further 
refinement or were centrifuged at 9,000 x g for 30 min 
and the supernatant fraction collected. For measurement 
of microsomal AHH activity, the 9,000 x g supernatant 
was centri fuged at 105,000 x g for 60 min and the micro-
somal pellet resuspended in the buffer solution. 
Unless specifically stated, the follo\ving procedure for 
AHH analysis was used. Skin preparations containing 0.1 
to 2 mg protein were incubated with 1 ml of a reactant 
mixture containing: 50 pmole potassi um phosphate 
buffer, pH 7.5; 3 Mmole MgCI,; 0.56 nmole NADPH; and 
0.33 nmole NADH . Eighty nanomoles of benzo [a]pyrene 
(BP) in 0.1 ml of acetone was added just prior to 
incubation at 37 cc. After 20 min of incubation the flasks 
were placed in ice, 4 ml of acetone:hexane (1:3) were 
added, and the tubes were vigorously shaken for 30 min 
and centrifuged . Two milliliters of the organic (top) 
phase were transferred to a I5-ml culture tube and 3 ml of 
freshly prepared 1 N NaOH were added. Within 10 min 
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the tubes were mixed , centrifuged, and fluorescence in 
the alkali (bottom) phase was measured with an Aminco-
Bowman spectrophotof1uorometer (excitation 396 nm; 
emission 518 nm) . Enzyme activ ity was determined in 
duplicate. One unit of AHH act ivity is defined as the 
fluorescence equivalent to 1 pmole 3-hydroxybenzpyrene 
per min of incubation. Protein . was determined by the 
method of Lowry et a l [9). 
RESULTS 
AHH activities in whole skin and in isolated 
layers were compared (Tab. I). Epidermis was 
about 3 times more active in metabolizing BP t han 
whole skin and almost 5 times more active than 
dermis. 
The whole skin requires harsh homogenization 
techniques to disrupt the cells. S ince violent ho-
mogenization diminished enzyme activity in liver 
cells rIO 1, we studied the effect of homogen ization 
in cutaneous tissue. Epidermis was used instead of 
whole skin because it could be homogenized by 
different methods. Homogenization with a Poly-
tron instrument was compared to that with a 
Potter- Elvehjem tissue grinder. Hydroxylase ac-
tivity was almost 3 times as great in epidermis that 
had been homogenized with 25 passes of t he tissue 
grinder on ly as in epidermis that had been homoge-
nized first by tissue grinder and then by Polytron 
(setting of "3") for 3 min (Tab. II). This loss of 
TABLE 1. AHH activity in skin preparations from 
untreated C., mice 
Skin preparations were homogeni zed with a Polytron 
homogenizer (setting of "3") for 3 min. AHH activity 
in homogenates from 3 to 7 mice/group was analyzed 
as described in Materials and M ethods. 
Sk in 
preparation 
Whole skin 
Epidermis 
Dermis 
AHH aCLivity 
(u niLs/mg protein) 
0.41 ± .13 
1.37 ± .17" 
0.28 ± .06 
"Significantly different from whole skin or dermis, 
p < 0.01 
TABLE II. Effect of homogenization on epidermal AHH 
activity in untreated C57 mice 
Epidermis from each mouse was homogenized with a 
Potter- E lvehjem t issue grinder for 25 passes. A port ion of 
the first homogenate was removed and the remainder was 
homogenized for 3 min with a Polytron instrument. 
M ouse 
# 
2 
3 
4 
5 
AHH act.ivity 
(u nits/O.5 ml homo·genate) 
Tissue grind er Po lyt ron 
15.0 5.5 
11.3 5.0 
12.5 4.3 
5.7 2.4 
9.3 3.7 
Ratio 
tiss ue grinderl 
Pnlytron 
2.7 
2.3 
2.9 
2.4 
3.5 
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TABLE 1II. AHH activity in epidermal fra ctions from C57 
m.iceu 
Epiderm a l 
fraction 
Homogenate 
9000 x g supernatant 
Microsome 
AHH act ivity" 
(units/ mg protein) 
1.6 ± .3 
4.2 ± 1.0 
8.1 ± 3.9 
a Epidermis from untreated mice was homogenized 
with a Polytron homogenizer for 2 to 3 min. 
• AHH values are averages ± SEM from 3 to 5 mice per 
group . 
activity with the Polytron instrument was greatly 
reduced by adjusting to a higher setting ("5") and 
homogenizing for 3 pulses of 5-sec duration. 
Greater reproducibility was a lso obtained with the 
milder homogenization methods. 
T he microsomal fraction of mouse ep iderm is had 
from 5 to 10 t imes the hydroxylase activity of the 
homogenized epidermis regardless of the homoge-
nization techniques used (Tabs. 1II, IV). The 
ind uctive effect of BA was also more pronounced in 
the microsomal preparation of epidermis from both 
C. 7 and ICR Swiss mice (Tab. IV) . Epidermis from 
male C57 mice did not differ significantly from that 
of females in the capacity to metabolize BP. 
Average AHH activities in epiderm is from males 
treated with acetone or BA were 3.4 ± 1.5 and 34.0 
± 7 units per mg protein, respectively. 
Hepatic AHH activity has been reported to be 
higher in the presence of both NADPH and NADH 
than the sum of the activ ities in the presence of 
either reduced pyridine nucleotide alone (11]. To 
measure the effect of NADH on ep idermal AHH, 
the homogenized epidermis of C. 7 mice was incu-
bated with and without the addition of NADH to 
the incubation mixture. Activity was one-th ird 
higher in the presence of NADH plus NADPH than 
in the presence of NADPH alone (Tab. V). 
Table VI compares AHH activ ity in epidermis, 
lung, and liver from noninduced C. 7 and ICP. Swiss 
mice. In both mouse strains, AHH activity in the 
9,000 X g supernatant fraction of epidermis was 
approximately one-tenth that in liver. In C.7 mice 
the epidermis was about 4 times as active as lung 
and in ICR mice t he epidermis was more than 10 
times as active as lung. 
DISCUSS ION 
Attention has focused on the enzyme AHH 
because of its involvement in the metabolism of 
carcinogenic polycyclic hydrocarbons. AHH in skin 
has an unequal distribution in the cutaneous 
layers. Wiebel et al [3 ] reported t hat t he highest 
AHH activity of mouse skin was in the epidermis 
and superfic ial dermis obtained in the same man-
ner of scraping as we used. Thompson and Slaga 
(4] isolated mouse epidermis from dermis by using 
a depilatory agent followed by mild heat treatment 
and found that epidermis had about twice the 
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TABLE TV. AHH activity in homogenates or in the microsomal fraction of mouse epidermis prepared by mild 
homogenization" 
AHH activity (uni ts/mg protein)' 
Mouse strain Epidermal frac tion 
Acetone· trea ted BA·treated 
r-
C" Homogenate 4.6 ± .7 29.5 ± 2.0 
C" Microsomes 272 ± 28 
ICR Swiss Microsomes 42 ± 11 323 ± 29 
a Epidermis from C" mice was homoge nized by t issue grinder ; epidermis from fCR mice by three 5·sec bursts with a 
polytron. 
b AHH va lues for homogenates are averages from 3 and 5 individual mice. For measurement of microsomal AHH 
activity, ep idermis from 5 to 10 mice were pooled and values are averages from 2 (C ,,) or 3 OCR) groups. 
TABLE V . Effect of NAD H on epidermal AHH activity 
Epidermis from untreated C" mice was homogenized 
with a tissue grinder. Hydroxylase activity was deter-
mined after incubation of 0.5 ml of homogenate with 
reactant mixtures conta ining NADPH, MgCl" and BP 
with o r wi thout NADH. 
r 
r 
M ouse 
# 
1 
2 
3 
4 
AHH activity (u nits/mg protein ) 
Without With 
AD H NAD H 
7.5 11.0 
10.7 12.3 
3.3 4.9 
9.1 12.5 
a Significant, p < 0.01 
Average 
Increase 
(%) 
33" 
T ABLE VI. AH H activity in the 9,000 X g supernatant 
fra ction of skin (epidermis), lung, and liver of 
untreated C5 , and fCR Swiss mice 
Tissues were homogenized by t issue grinder and cen-
trifu ged at 9,000 x g for 30 min . The supernatant was 
incubated with NADPH, NADH, and BP for 20 min 
and AHH was analyzed. Num bers of mice are in paren-
t heses. 
T issue 
Skin (epidermis) 
Lung 
L iver 
AHH act ivity (units/mg protein) 
c" 
7.8 ± 1.1 (4) 
1.8 ± 0.2 (5) 
70.2 ± 3.4 (5) 
fCR Swiss 
9.5 ± 1.6 (6) 
< 1.0 (6) 
80.8 ± 9.8 (6) 
activity of whole skin . Our resul ts in t h e present 
stud y su pport these findings and furt her s how t hat 
AHH activity is co ncentrated in t he microsomal 
fractio n of t his ou ter layer of skin . 
Measurement of AHH in epidermis is optimized 
b y using mild hom ogeni zation during t issue prepa-
ration , and by adding NADH as a reactan t durin g 
incu bation. Although not an a bsolute requirement, 
t he presen ce of NADH sti mulates t he activ ity of 
hepa tic mixed-function ox idase en zymes [1 2 ]. T his 
synerg ist ic action of NADH on t he NADPH-
dependent AHH reaction in skin is consisten t wit h 
t he scheme of mi croso m al electron transpor t pro-
posed by Estabrook et a l [13 ] whereby cytochrome . 
b 5 rece ives donor electrons from both NADPH a nd 
NADH and donates t hem to th e oxygenated form 
of reduced cytochrome P -450. 
Although t he hydroxylase en zyme in a ll ma m -
mali a n system s has characteristics in common , 
recen t studi es suggest t hat some as pects of skin 
AHH are unique in t his particula r organ . Mouse 
skin homogenates reta in som e hydrox lase activ ity 
when NADPH is omi tted from t he incubation 
mixture, wherea in lung and liver homogen ates 
activi ty is abolis hed in t he a bsen ce of NADPH [3]. 
Cytochromes of the mouse skin mixed-function 
oxidase system m ay a lso differ from those of oth er 
t issu es . Pohl et a l [14 ] and Norred and Akin [7] 
reported t hat t he major cytochrome spec ies of 
mouse skin exhibits a carbon monoxide- induced 
difference spectrum with a Soret m ax imum at 420 
nm , rather t ha n at 450 nm as reported for li ver 
cytochromes. AHH activ ity in skin para ll els that in 
oth er extra hepatic t issue in its sens it ivity to induc-
tion by a romatic hyd roca rbons . Hepatic AHH 
activity, basal or induced , varies greatly a mong 
differen t strains of mi ce, whereas non hepatic 
AHH, including skin , does not necessar ily fo llow 
this pattern [8 ]. 
Eadie r studi es t hat compared AHH activ ity in 
differen t organs did not take into accoun t t he 
p eculia r as pects of cutaneous tissue. Conse-
quently, enzy matic activ ity in skin is genera lly 
cons idered to be low. With t he tec hniques t hat 
maximize t he m easuremen t of AHH, we have 
consistently fou n d m ouse skin to exhi b it high 
meta bolic activ ity relat ive to lung and most other 
n onhepatic t issue. 
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